Objective: To investigate the associations among visceral adiposity index (VAI), lipid accumulation product (LAP), body fat percentage (%), and android/gynoid ratio (A/G ratio) in women with polycystic ovary syndrome (PCOS) and verify if the parameters representative of visceral obesity correlate with and exhibit the same frequency as body composition variables; anthropometric indices; and metabolic, hormonal, and inflammatory parameters. Subjects and methods: This was a cross-sectional study that included 94 women with PCOS. Hormonal, metabolic, and inflammatory parameters were analyzed in all women. Free androgen index (FAI) and homeostasis model assessment (HOMA-IR), as well as LAP, VAI, and anthropometric indices, were calculated. The regions of interest (ROIs) in body composition and body composition indices were evaluated using a dual X-ray absorptiometry (DXA). Overall, 32 variables were selected as markers of body fat distribution. Results: Among the 32 markers evaluated, 29 correlated with LAP, whereas 25 correlated with VAI, 19 with body fat (%), and 30 with A/G ratio. Additionally, some markers correlated with the four adiposity indices evaluated: ROIs, except for total mass and leg fat (%); body composition (body mass index, waist circumference, and hip circumference) indices; fasting insulin; and C-reactive protein. Conclusion: LAP and VAI may be sensitive measures for screening and preventing metabolic syndrome and insulin resistance in PCOS, with LAP being more sensitive than VAI, and the A/G ratio may be more sensitive than body fat percentage.
INTRODUCTION
P olycystic ovary syndrome (PCOS) is an endocrine disorder affecting approximately 5-16% of women in reproductive age and is characterized by at least two of the following conditions: hyperandrogenism (clinical or biochemical), irregular menstrual cycle, and presence of ovarian cysts (1, 2) . PCOS directly affects body composition and anthropometric indices, as well as endocrine, metabolic, and cardiovascular system parameters (1) (2) (3) (4) (5) . Central obesity is also a prevalent characteristic because of hyperandrogenism and insulin resistance (IR), which act in vicious feedback mechanisms (6, 7) . However, abdominal fat may go undetected in women of normal weight who exhibit an apparently lean PCOS (6, 7) , predisposing them to risk factors for chronic diseases, such as metabolic syndrome and arterial hypertension (1, (4) (5) . The prevalence of metabolic syndrome among individuals with PCOS is 12.6%, which is almost seven times higher than that in healthy women with a higher body mass index (BMI) (8) . The prevalence of IR (14.2% vs. 9.3%) (8) and non-alcoholic fatty hepatitis are also higher (23.8% vs. 3.3%) (9) .
Different methods are utilized to evaluate body fat distribution for the screening of cardiometabolic risk. Dual X-ray absorptiometry (DXA) has been considered as a reference standard (10) , whereas anthropometric methods and biochemical examinations in the lipidogram area are considered the cheapest and simplest standards (1, 3, 11) . Recently, mathematically determined indices, such as visceral adiposity index (VAI) and lipid accumulation product (LAP), have been deemed effective (12) (13) (14) . These methods are considered more economical and practical options, as they present formulas, anthropometric indices, and biochemical measures that allow clinical practice and research to investigate better tracking and prevention (13) (14) (15) .
This study aimed to investigate the associations among VAI, LAP, total body fat percentage, and the A/G ratio and to verify if visceral obesity parameters correlate and with the same frequency as variables of body composition, anthropometric indices, and metabolic, hormonal, and inflammatory parameters.
SUBJECTS AND METHODS
This study was approved by the Institutional Review Board of the University Hospital, Ribeirao Preto Medical School, University of Sao Paulo (Protocol number nº 9640/2014), and all participants provided written informed consent. The authors confirm that all ongoing and related trials for this intervention were registered in the Brazilian Clinical Trials Registry (ReBec; RBR-78qtwy) and International Controlled Randomized Controlled Trial (ISRCT) Registry 10416750.
Subjects
A total of 110 consecutive women, aged 18-39 years, with PCOS and BMI of 18-39.9 kg/m² and who were not engaged in regular and systematic physical exercise, were recruited. Women were selected regardless of race, parity, or social class. PCOS diagnosis was made according to Consenso de Rotterdam (1 
Blood dosages
In the present study, 20.0 mL of whole blood was collected until the eighth day of the menstrual cycle (early follicular phase) or any day when the participant experienced amenorrhea. Endocrine assessments were performed by measuring serum testosterone and androstenedione levels using chemiluminescence (Immulite 1000, Siemens). Luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol (E2), TSH, 17-OHP, prolactin (PRL), sex hormonebinding globulin (SHBG), homocysteine, and C-reactive protein levels and glucose metabolism were assessed by measuring fasting insulin levels using chemiluminescence (Immulite 2000, Siemens). Fasting glycemia was determined using the oxidase method. Total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglyceride (TG) levels were assessed using the enzymatic method. FAI was calculated using the following formula: total testosterone (nmol/L)/ SHBG (nmol/L) × 100. Total testosterone was calculated by multiplying the value obtained (in ng/dL) with the conversion factor 0.0347 (16) . To detect IR, the index given by the homeostatic model assessment (HOMA-IR) was calculated using the following equation: [(fasting glycemia in mg/dL × 0.05551) × fasting insulin in μU/mL]/22.5 (17) .
Visceral adiposity index and lipid accumulation product
VAI was measured using the formula [waist circumference (WC, cm)/36.58 + (1.89 × BMI) × (TG/0.81) × (1.52/HDL) (13) . Similarly, LAP was calculated using the formula [{WC (cm) -58} × TG (nmol/L)] (14) .
DXA measurements
Body composition was assessed using DXA scanning (Hologic 4500 device QDR Discovery ® Series -Waltham: MA, USA), with a full-body scan. Analysis was performed using the 5 Discovery Wi model software (version 13.0). The two ROIs from the scan used in this analysis were the total mass (mass of fat (g) plus lean mass, including bone mineral content (g) and fat percentage (fat mass/total mass × 100), which included the mass of the head, arms, legs, trunk, body, and the android and gynoid regions. Arm and leg fat was defined as the sum of fat percentage in two arms and both legs, divided by two. The following indices were calculated according to fat distribution: A/G ratio, fat mass/height 2 (kg/m 2 ), and percentage of fat in the trunk/percentage of fat in the legs (% fat trunk/% fat legs) (18) .
Anthropometry
Body weight and height (alt) were evaluated using a Filizola Brasil platform scale with 0.1-kg and 0.5-cm precision. WC was measured with the individual standing with arms at the side of the body, feet together, and relaxed abdomen; a horizontal measurement was obtained on the narrower part of the dorsum (above the navel and below the xiphoid process). The hip circumference (HC) was measured from the same position in the region with the largest circumference of the buttock (15) . The waist-hip ratio (WHR) was calculated by dividing WC (cm) by HC (cm) (15) . BMI (in kg/m 2 ) was calculated by dividing the body weight by the square of height. Measurements were made using a tape anthropometric metal of Sanny brand, and IMC was defined as weight (kg)/height 2 .
Statistical analyses
Statistical analyses were performed using Sigma Stat software (version 11.0) (Systat Software Inc., San Jose, CA, USA). The Shapiro-Wilk test was performed to evaluate the normal distribution of variables. The between-group comparisons, with different BMI measurements (normal (n = 28), overweight (n = 28), and obesity (n = 38), were investigated using a oneway analysis of variance test followed by the post hoc Student-Newman-Keuls multiple comparison test. The results were expressed as mean ± standard deviation. Correlation analysis was performed using the Pearson correlation and linear regression for parametric variables and Spearman's rank-order correlation for non-parametric variables. R-values were obtained and correlations were analyzed using the following specifications: 0-0.19, very low correlation; 0.20.39, low; 0.4-0.59, moderate; 0.6-0.79, high; 0.8-0.99, very high; and 1.0, perfect correlation (19) . P-values of < 0.05 were considered statistically significant.
RESULTS
Sixteen participants were excluded because they had not been diagnosed with PCOS. Therefore, 94 participants were investigated and classified according to BMI as follows: 28 with normal weight (18.0-24.9 kg/m 2 ), 28 overweight (25.0-29.9 kg/m 2 ), and 38 obese (>30.0 kg/m 2 ). The age (normal BMI, 27.0 ± 5.18 years; overweight, 28.0 ± 5.10 years; obese 29.9 ± 5.18 years) and height (normal BMI, 1.62 ± 0.06 meters; overweight, 1.62 ± 0.06 meters; obese, 1.62 ± 0.08 meters) were similar between groups.
The endocrine, metabolic, and inflammatory characteristics are summarized in Table 1 . SHBG levels were significantly higher among the normal group, in relation to the overweight group (p = 0.028) and lower triglycerides (p = 0.044), fasting insulin levels (p = 0.005), and HOMA and FAI scores (p = 0.005,
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Arch Endocrinol Metab. 2019;63/4 both) were observed when comparing these groups. When comparing the normal and obese groups, differences in the mean SHBG and HDL levels were significant, which were lower in the obese group (p < 0.001 and p = 0.007, respectively). Additionally, fasting insulin levels and HOMA-IR scores were higher in the obese group (p < 0.001, both), and this group also presented lower 17-OHP values than the overweight (0.016) and normal (0.001) groups.
As shown in Table 2 , LAP values were higher in the overweight and obese groups that those in the normal group (p = 0.003 and p < 0.001, respectively), and the obese group exhibited higher LAP values than the overweight group (p = 0.003). Moreover, the VAI was higher in both overweight and obese groups (p = 0.027 and p < 0.001, respectively). When analyzing the ROIs according to BMI (Table 2) , the arm total mass, trunk total mass, leg total mass, body total mass (p < 0.001, all), arm total mass (p = 0.043), trunk fat (%), and body fat (%) (p = 0.01, both), as well as fat mass/height 2 (p < 0.001) and A/G ratio (p = 0.046) were progressively increasing from the normal group to the overweight group. When comparing the normal and obese groups, significant differences were detected in the arm total mass, trunk total mass, trunk fat (%), leg total mass, body total mass, body fat (%) (p < 0.001, all), and arm total mass (p = 0.003), as well as in fat mass/height 2 , A/G ratio, and % fat trunk/% fat legs (p < 0.001, all).
Among the 32 markers evaluated, LAP values correlated with 25, whereas VAI correlated with 23 markers. Conversely, total body fat correlated with 16 markers, whereas the A/G ratio correlated with 26. Correlation between LAP, VAI, A/G ratio, and total body fat percentage
The correlations among LAP, VAI, percentage of total fat, and A/ G ratio are shown in Figure 1A . LAP was very highly correlated (p < 0.05) with VAI, moderately with A/G ratio, and weakly with body fat. In addition, VAI was positively, moderately correlated (p < 0.05) with the A/G ratio and a very weakly correlated with body fat; the A/G ratio was weakly correlated with body fat (Figure 1 ).
Correlation between adiposity indices, biochemical parameters, anthropometric indices, and body composition
In this study, VAI was weakly, negatively correlated with SHBG levels, but moderately, positively correlated with FAI scores in endocrine parameters. Furthermore, VAI was weakly, positively correlated with TC, LDL, fasting glycemia, fasting insulin levels, and HOMA-IR score.
Conversely, VAI was very highly, positively correlated with TG levels, but moderately, negatively correlated with HDL level for the metabolic parameters, and weakly, positively correlated with the C-reactive protein level for the inflammatory parameters. (Table 3) .
Regarding the anthropometric indices, VAI was weakly, positively correlated with BMI and HC, and moderately, positively correlated with WC and WHR. Among the body composition and body composition indices, VAI showed a low correlation with total body mass, trunk total mass, body mass, arm fat (%), and trunk fat (%), as well as a moderate and positive correlation with fat mass/height 2 . VAI was weakly, positively correlated the % fat trunk/% leg fat ratio (Table 4) . LAP was moderately (negatively) correlated with SHBG levels and moderately (positively) correlated with FAI scores for endocrine parameters; this correlation was low and positive with TC, LDL, and fasting plasma glucose levels, and moderate and positive with fasting insulin level and HOMA-IR score. Furthermore, these values were positively and very highly correlated with TG levels and negatively and weakly correlated with HDL levels for the metabolic parameters, whereas a moderate, positive correlation was maintained with the C-reactive protein level in regard to inflammatory parameters ( Table 3 ). In the anthropometric indices, LAP was positively correlated with HC, BMI, WC, and WHR, but moderately with HC and highly with BMI, WC, and WHR. Regarding body composition and body composition indices, LAP was weakly correlated with arm fat (%), moderately and positively associated with trunk fat (%) and total arm mass trunk, and positively and highly correlated with both fat mass/height 2 and % fat trunk/% leg fat (Table 4 ).
In relation to the body fat, no correlations were observed in the endocrine parameters; however, a low, positive correlation was observed between the fasting insulin level and metabolic parameters, and a moderate, positive correlation with C-reactive protein level for inflammatory parameters (Table 3 ). In the anthropometric indices, body fat was moderately, positively correlated with WC and highly, positively associated with BMI and HC. Regarding body composition and body composition indices, the body fat percentage was moderately correlated (P < 0.05) with the total arm mass and total body mass; positively, highly correlated with arm fat (%); positively, weakly associated with % fat trunk/% leg fat; and positively, highly correlated with fat mass/height 2 ( Table 4 ). The A/G ratio was negatively, moderately correlated with SHBG level; moderately, positively correlated with FAI scores; and weakly, negatively associated with estradiol levels in the endocrine parameters. Furthermore, it was weakly, positively correlated with TC, LDL, and fasting glycemia levels, but moderately, positively correlated with TG, fasting insulin levels, and HOMA-IR score. The A/G ratio weakly, negatively associated with the HDL level in metabolic parameters, but moderately, positively correlated with the C-reactive protein level in the inflammatory parameters (Table 3 ). In the anthropometric indices, the A/G ratio was weakly, positively correlated with HC; moderately, positively correlated with BMI; and highly, positively associated with WC and WHR. In the body composition and body composition indices, the A/G ratio was weakly, positively correlated with arm fat (%) and leg total mass; positively, moderately related with trunk fat (%), total arm mass, trunk mass, and total body mass; very highly, positively correlated with fat mass/height 2 ; and moderately, positively associated with % fat trunk/% leg fat (Table 4 ).
DISCUSSION
The main finding of this cross-sectional study was that the parameters representative of visceral obesity were significantly associated with each other and phenotypic characteristics of PCOS. In general, a cascade effect was noted in women with PCOS where increased central fat influences the increase in insulin resistance. Conversely, insulin resistance interferes hypeandrogenism, with a feed and feedback circuit (20) (21) (22) . The increase in these clinical factors may directly interfere the inflammation that may be more pronounced in PCOS (22) . There is no known literature identifying if the indices evaluated are associated with underlying markers of abdominal obesity, metabolic and endocrine disorders, and body fat distribution in women with PCOS. In recent years, VAI and LAP have been reported to express cardiometabolic risk (13) (14) and are viable indices in risk identification, including PCOS (13, 23) . VAI and LAP indices were evaluated in individuals with type II diabetes and PCOS and were associated with IR; therefore, they were accredited in measuring IR risk in the absence of metabolic syndrome characteristics (11, 14, 24, 25) . Another study illustrated that LAP ≥ 34 and VAI ≥ 1.32 may be associated with metabolic syndrome, concomitant with PCOS (13) . These indices are composed of markers such as TG, CC, and HDL that relate to each other and can present valuable information at low cost and accessibility (26) .
In the present study, since the visceral fat may increase in non-obese women with PCOS (6-7), the participants were classified according to BMI. In accordance with the literature, increase in body composition variables and anthropometric indices was progressive with increased BMI (6, 27) . Fasting insulin levels and HOMA-IR score increased and SHBG levels decreased as BMI increased, possibly indicating impairment in the endocrine-metabolic parameters in PCOS as adiposity increases. This finding is similar to the results of the previous studies (28, 29) . LAP and VAI values increased as BMI increased. In standard operating procedures (SOPs), BMI-marked obesity is associated with increased risk of changes in LAP (over eight-fold) (28) and VAI levels are higher in overweight and obese subjects (29) .
In the present study, both VAI and LAP values were found to be positively associated with A/G ratio and that only LAP values were positively associated with body fat percentage. However, surrogate indices, both VAI and LAP, can accurately differentiate visceral adiposity and subcutaneous adiposity (30) , particularly VAI values (31) . In accordance with previous findings by Mario and cols., although both LAP and VAI were positively correlated with HOMA-IR, the LAP correlation was higher than that of VAI. Another previous study indicated that both LAP and VAI are the best indices to predict IR in PCOS, as they both have a high sensitivity index (23) . In addition, the A/G ratio was moderately, positively correlated with HOMA-IR scores. In 2016, Bouchi and cols. (32) suggested that the A/G ratio reflects peripheral insulin resistance because the A/G ratio was correlated with visceral fat accumulation measured using computed tomography (CT). Another important finding was the association of parameters representing visceral obesity with C-reactive protein levels, since obesity and IR contribute to the low-grade chronic inflammatory state in SOP (33) . Although the correlation coefficients observed in this study were considered weak, the results align with other findings in women with PCOS (29) and individuals with type II diabetes (34) .
Previous studies have also investigated the relationship between LAP and VAI with metabolic and hormonal parameters (23, 35) . Ramezani and cols. (36) reported that VAI and LAP was very highly, positively correlated with TG levels and moderately, negatively correlated with HDL, aligning with results of this study. Nonetheless, the findings in this study illustrate a weak, negative correlation of HDL with LAP values and the A/G ratio, as well as a moderate, positive correlation with TG levels. Conversely, Polyzos and cols. (35) reported that LAP was weakly, positively correlated with testosterone and fasting glycemia levels, moderately associated with FAI, and highly associated with HOMA-IR scores and fasting insulin levels. Further, a moderate, negative correlation was seen with SHBG levels, and Androulakis and cols. (37) reported a weak, positive correlation of VAI with fasting glycemia, FAI, estradiol, LDL and TC. In their study, a negative association was observed with SHBG levels and a moderate association was seen with fasting insulin levels and HOMA-IR scores. In the present study, FAI was weakly, positively correlated with A/G ratio, VAI, and LAP and negatively correlated with SHBG levels. These correlations are indicative of underlying conditions that increase the risk in women with PCOS, because increased free testosterone levels contribute to increased fasting insulin levels and liver fat resistance (6) (7) .
The correlations observed between LAP, VAI, and A/G ratio, as well as with metabolic, anthropometric, inflammatory, and hormonal predictors that interfere with different comorbidities suggest that LAP and VAI are integral in assessing body fat distribution (12, 13) .
Evaluating the correlations of variables related to fat distribution and body composition indices, in addition to the anthropometric indices, indicated correlations with the percentage of total fat, A/G ratio, VAI, and LAP, which occurred in 12, 12, 11, and 12 cases, among the 13 cases, respectively. In addition, the percentage of total fat and LAP presented a greater number of moderate, high, and very high correlations, occurring in 11 of them, whereas correlations of this type only occurred in nine and three cases using A/G ratio and VAI, respectively. However, when correlations of the variables relating to fat distribution, body composition, and anthropometric indices were evaluated, these correlations occurred in 11 of 13 and 12 of 13 markers with VAI and total fat percentage, respectively; and occurred with A/G ratio and LAP as well. In addition, the percentage of total fat and LAP presented 11 moderate, high, and very high type correlations, whereas correlations of this type only occurred in nine and three cases for A/G ratio and VAI, respectively. LAP had correlations with more variables related to body fat distribution and exhibited stronger correlations than those presented by VAI. This finding suggests that for this type of evaluation, LAP is more reliable than VAI. However, both are lowcost, noninvasive, accessible, and predictive methods of metabolic alteration in women with PCOS (13, 23, 35) .
In general, the body fat percentage, A/G ratio, VAI, and LAP are important measurements that correlate with several risk markers for chronic diseases and are generally altered in women with PCOS (2). In addition, the present results suggest that, for correlations involving endocrine-metabolic and inflammatory parameters, body fat percentage should be the last alternative among the four indices evaluated. When correlations involve the body fat distribution, body fat percentage and LAP are suggested to be chosen first.
This study had some limitations. DXA, which was used to measure body composition and body fat distribution, and other imaging technologies, such as CT and magnetic resonance imaging (MRI), should be used to assess visceral adiposity, due to their accuracy (38) . Although DXA cannot distinguish between intraabdominal and subcutaneous fat, research shows strong correlations between trunk fat mass measured with DXA and intra-abdominal fat measured with CT or MRI (39) . In addition, although results indicate strong associations and influences among variables, causation cannot be implied. An inference from this study is inherent to a cross-sectional study and due to the lack of the control group within the study. Therefore, prospective studies are still needed, with a control group and larger number of subjects, in attempt to exclude possible confounding factors and strengthen the results.
In conclusion, this study suggests that LAP and VAI are sensitive markers for screening and prevention of metabolic syndrome and IR in PCOS. In addition, LAP may be more sensitive than VAI in this identification, just as the A/G ratio may be more sensitive than body fat percentage. Therefore, this study has identified that these low-cost mathematical methods can aid in the medical routine.
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